DIGITALIS and dispute have long been companions in the medical literature. At the turn of this century, Lewis' held the view that digitalis therapy was best suited for the treatment of edema in cases of atrial fibrillation. Christian2 opposed this view and presented evidence that the drug was equally effective in cases of heart failure and sinus rhythm. More contemporary is the debate regarding the efficacy of chronic maintenance digitalis therapy for the treatment of heart failure.27 This has been heightened by reports of a high prevalence of toxic reactions, particularly in elderly patients.8 Controversy regarding the use of digitalis glycosides in acute myocardial infarction in the absence of supraventricular tachyarrhythmias exists because of the recognized hazards of toxic arrhythmias, the disputed hemodynamic benefits and the deletenous effects of enhanced myocardial oxygen consumption in the setting of obstructive coronary artery disease. While the efficacy of digitalis therapy has long been an issue, only recently has it been suggested that treatment with digitalis increases the mortality of certain coronary disease patients. Moss and co-workers'5 reported a 30% increase in mortality at the end of 4 months in persons who survived an acute myocardial infarction and who had congestive heart failure (CHF) and complex ventricular premature complexes (VPCs) if they received digitalis therapy compared to similar patients not treated with digitalis. Bigger et al. 16 found a fivefold increase in mortality at the end of 1 year in postinfarction patients receiving digitalis after adjusting for relative nondigitalis risk factors. We examined the data available in the Coronary Artery Surgery Study (CASS) registry to determine if any deleterious effect of digitalis on patient survival could be uncovered in a very large population of patients whose coronary artery disease was precisely defined by angiography and who have been followed prospectively for an average of 41/2 years.
Methods

Patients
The study population consisted of 14,547 patients who had significant coronary artery stenosis and known digitalis status at the time of enrollment in the CASS registry and received medical treatment for their diseases. All patients with a history of coronary artery bypass surgery were excluded from analysis. Annual clinical follow-up was mandatory for all patients. The mean follow-up period was 55 ± 19 months, and vital status was known in 99.8% of the population. The patients included 12,215 men, mean age 53.8 years, VOL 67, No 4, APRIL 1983 and 2336 women, mean age 56.8 years. Twenty-six hundred patients (18%) were taking digitalis at the time of entry into the study.
The methods used in obtaining, storing and analyzing the clinical, hemodynamic, angiographic and follow-up data available on the CASS registry patients have been reported in detail. "7 Coronary artery disease was documented by angiography that was performed by the brachial or femoral approach. Significant lesions were considered as either 70% or more reduction in luminal diameter in any view of the right, left anterior descending or left circumflex artery or ?50% luminal narrowing of the left main coronary artery. Stenoses of large diagonal or marginal branches were considered as lesions of the left anterior descending and circumflex arteries, respectively. Abnormalities in left ventricular wall motion were assessed subjectively from the 300 right anterior oblique view of the cineventriculogram and characterized by using a left ventricular wall motion score as previously described.'7 The ejection fraction was calculated by the area-length method. '8 Since the principal aim of this analysis was to determine the rate of survival for patients treated with digitalis compared with those not treated with digitalis, three subsets of patients were identified as being at high risk for mortality and in whom the use of digitalis might be more prevalent.
Congestive Heart Failure
There were 1380 patients with clinical CHF whose functional impairment at baseline was New York Heart Association (NYHA) class II or worse. Clinical CHF was considered present in any patient who complained either of inappropriate shortness of breath with mild exercise or regular daily activity or described orthopnea or paroxysmal nocturnal dyspnea. The diagnosis was also made when either pedal edema, pulmonary rales or an S3 gallop were present on physical examination. The mortality was 25% at the end of the first year of follow-up for this group of patients.
Recent Myocardial Infarction
There were 1592 patients who had a myocardial infarction within 2 months before their entry into the study. At the end of 1 year, the mortality for this group was 10%.
Cardiac ArrestlArrhythmia
Eight hundred seventeen patients had a history of cardiac arrest at baseline. In addition, 1236 patients taking antiarrhythmic medications at the time of entry were included in an attempt to define a group of patients who would be at higher risk for mortality due to serious ventricular arrhythmias. The 1-year mortality for this group of patients was 13%.
Statistical Analysis
The univariate differences between the 2600 patients receiving digitalis and the 11,947 patients not receiving digitalis were analyzed with the chi-square for categorical variables and with a t test for quantitative variables. Survival analyses were done using the actuarial method, and the statistical significance was determined by the log-rank test. 19 Since approximately one-half of the CASS registry patients who had significant coronary artery disease underwent bypass operations within 90 days of their enrollment angiogram, '7 two separate definitions of medically treated patients were used in this study. By the first definition, all patients were initially considered as being medically treated; those who subsequently underwent coronary bypass surgery were included in the analysis until the time of surgery, at which point they were censored (method I). By the second definition, all patients who underwent bypass surgery within 90 days of enrollment were excluded from analysis (method II). All analyses in this study were run separately on the two resulting medically treated populations. The outcome variables and survival rates were similar in every instance.
To determine which variables were predictive of survival and, in particular, to see whether digitalis would enter independently, we used a stepwise Cox regression procedure.20 This procedure identifies variables that contain independent prognostic information after adjusting for the other variables used in the analysis. The process is stepwise, and at each step the variable that contains the most additional predictive power is added to the model. The process stops when the remaining unselected variables no longer contribute statistically significant predictive power. The Cox model can handle both discrete and continuous patient variables, and uses the partial information from patients who have survived for varying intervals. Like the actuarial method, it also takes into account the entire survival curve, not just survival at a particular time.
In addition to analyzing baseline clinical, hemodynamic and angiographic variables to study the relationship between digitalis and mortality, we examined all baseline variables to determine the extent to which digitalis therapy would be predicted. This was done by linear discriminant analysis using actual digitalis therapy as the dependent variable and the baseline characteristics as the independent variables. The regression coefficients of the variables most predictive of digitalis use were then used to construct a single linear discriminant that we denoted as "P-Dig." This mnemonic represents the likelihood (predictive value) that any given patient would receive digitalis therapy. To adjust the estimated relationship between digitalis and mortality in this analysis, a regression was performed with mortality as the dependent variable and the covanates, digitalis therapy and our discriminant function, P-Dig as the independent variables. The average value of the variable P-Dig was also used to calculate an expected mortality for each subgroup tested as a means of isolating the mortality effects due to baseline variables other than digitalis.
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Results
Digitalis and Comorbidity
As anticipated, the cumulative mortality was higher for the 2600 patients receiving digitalis at entry compared with the 11,947 patients not receiving digitalis (18% vs 5%, p < 0.001). Analysis of the entire study population showed significant differences in important baseline variables between the two groups and are presented in table 1. Significantly more digitalis patients had suffered prior infarctions that were more often multiple, and three times as many were taking diuretics. There was somewhat more three-vessel disease in the digitalis population. Patients taking digitalis were significantly older, had more advanced clinical CHF, threefold the incidence of cardiomegaly and fourfold the incidence of significant wall motion abnormalities. There was a higher prevalence of diabetes among the patients taking digitalis, but no difference in the prevalence of hypertension. Three times as many patients taking digitalis were receiving antiarrhythmic medication, but the occurrence of sudden death was similar for the two groups.
Prediction of Mortality
Entire Study Population When Cox regression analysis was applied to the entire study population, 13 tion score, NYHA functional class, the use of diuretics, and age. In the first step of this analysis, the initial, or unadjusted, chi-square statistic for digitalis was 44.8, indicating that a significant relationship between digitalis and mortality exists when no adjustment is made for the effects of any of the other variables. This relationship disappears when such an adjustment is made, as indicated by the final chi-square for digitalis of 1.94, a value below the 0.05 level of significance. Figure IA shows the cumulative survival over 5 years for the 265 patients in this group not receiving digitalis therapy. The survival by year was 89%, 79%, 75%, 69% and 63%, respectively. The rate of survival over 5 years for the 609 patients with CHF who were receiving digitalis therapy was significantly (p < 0.0001) lower (70%, 58%, 49%, 43% and 39%). Figure lB shows the survival curves for these same two groups of patients after adjusting by stratification on four of the variables that entered the Cox model, i.e., NYHA functional class, left ventricular wall motion score, the use of diuretics and age. The adjusted survival rates are approximately the same for those taking and not taking digitalis and fall to 50% at the end of 5 years in both groups.
Recent Infarction
A stepwise Cox analysis of the 892 patients with recent infarction showed that the significant determinants of mortality were the presence of edema, left ventricular wall motion score, the number of vessels diseased, age and the presence of rales. Digitalis did not enter the final model as a variable with independent significance and had an adjusted chi-square of 3.1, again a reasonably small value.
The unstratified cumulative survival curves for patients with recent infarction ( fig. IC) show that those receiving digitalis therapy had a seemingly greater mortality throughout the follow-up. These same curves, however, become superimposed ( fig. 1D ) when they are replotted after stratifying the two groups of patients according to the number of vessels diseased, age, left ventricular wall motion score, and the presence of clinical CHF, rales or edema.
Prior Cardiac ArrestlArrhythmia
For the 1183 patients who had a history of cardiac Abbreviation: P-Dig = estimated probability that any given patient would receive digitalis therapy.
of the relationship of digitalis therapy to mortality would be lacking if it did not contain angiographic variables. Additionally, all CASS registry patients have now been followed an average of 41/2 years, and vital status information is available in 99.8%. Initial analysis of our study population showed significant differences in prognostically important baseline variables (table 1) between the 2600 patients receiving digitalis therapy and the 11,947 patients not receiving digitalis therapy. As in the populations analyzed by Moss and Bigger, digitalis served as a therapeutic marker for the sicker patients in our study. However, multivariate analysis that included not only clinical, but also angiographic variables, failed to show significant relationship between digitalis and mortality in either our overall population or in any of four high-risk subsets.
Although we have not examined patients identical to those studied by Moss and Bigger, our selected highrisk subset of patients who had suffered an acute myocardial infarction within the preceding 2 months and who had CHF and also had a history of cardiac arrest or were taking antiarrhythmic medication represent a close approximation in terms of risk of dying. At 4 months, this subset of patients had a mortality rate of 20%, compared with 13% in the similar, if not identical, patients in the Moss study. At 1 year, this subset of patients had a mortality rate of 30%, compared with 44% in the Bigger study. More important, when analyzed by the Cox model, digitalis did not enter as a variable independently predictive of survival in this special subset of patients. We entered angiographic variables into the model, whereas the Moss and Bigger studies did not.
In examining a population with ischemic heart disease for the possible deleterious influence of digitalis therapy, it appears critical that angiographic variables be considered in addition to clinical variables. Applying the Cox model to our entire study population, we found three angiographic variables -the number of vessels diseased, left ventricular wall motion score and proximal left anterior descending coronary disease to be variables with independent predictive power, whereas digitalis therapy did not enter the model. In our three high-risk subsets, we also found that angiographic variables entered the Cox model as significant predictors of outcome. For the subset with CHF, both the number of vessels diseased and left ventricular wall motion score entered the model, whereas digitalis did not. Similarly, in the subset with recent infarction, the same two angiographic variables entered the model as being independently predictive of outcome, while digitalis failed to enter the model. In the group of patients with prior cardiac arrest or taking antiarrhythmic agents, the left ventricular wall motion score, the number of vessels diseased and left ventricular enddiastolic pressure all entered the final model. Again, digitalis was not independently predictive of outcome. Thus, the lack of angiographic variables in the two studies that have indicated a deleterious effect of digitalis could account for their observation of a digitalis effect on survival.
Supporting this contention are the results of our analysis in which variables that predicted the use of digitalis therapy were used to form a single linear discriminant function that we identified as P-Dig. Using this function to estimate an expected mortality, that is, a mortality predicted from baseline variables other than digitalis, we found that the expected mortality was almost identical to the observed mortality whether patients were or were not receiving digitalis ( However, in terms of mortality, no beneficial effect of digitalis therapy could be demonstrated in our study. The efficacy of digitalis therapy may reside only in the alleviation of symptoms of CHF (morbidity) and not materially influence overall mortality in a population study such as this. Only recently has it been demonstrated in a well-controlled, randomized, doubleblind, crossover trial that digoxin confers clinical benefit to patients with CHF unaccompanied by atrial fibrillation.28 Moreover, the authors of that study showed that the presence of a third heart sound was the strongest correlate of the response to digoxin. Analyzing the subset of our patients who had a third heart sound, we could find no influence of digitalis therapy on mortality outcome. Clearly, the findings of our study shed no light on the controversy relating to the efficacy of chronic maintenance digitalis therapy for the treatment of CHF.
Our CASS population is a somewhat select group of coronary artery disease patients presenting to medical clinics distributed throughout the United States and Canada in that all of the CASS patients qualified for coronary arteriography. Moreover, of those who had important stenoses of the coronary vessels, nearly half underwent coronary bypass operations within 2-3 months of study. To eliminate whatever selection bias these considerations may have contributed to our study population, we analyzed our data using two separate definitions of medically treated patients. Whether we include (method I) or exclude (method II) patients who underwent coronary bypass surgery within 90 days of angiography, digitalis therapy had no impact on their short-or long-term mortality.
Based on this analysis, we could not confirm the findings of two earlier studies that showed a significantly higher mortality in certain patients with coronary disease treated with digitalis. Our data suggest that any apparent association between digitalis use and mortality, particularly in coronary patients at high risk, may be dissipated by controlling for appropriate angiographic and hemodynamic variables in addition to clinical variables. In view of these considerations, we feel it would be a premature judgement to withhold digitalis therapy, when clinically indicated, on the grounds that a substantial mortality risk has been validly established with its use in patients with coronary artery disease. The constant a was chosen in each impairment category so that the distribution of P Dig would approximately reflect the actual proportion on digitalis. In both CHF and non-CHF patients, the single most important variable was whether or not the patient was on diuretics, this being another marker of CHF and its severity. Use of P Dig to Adjust Mortality P Dig was used to adjust mortality as a covariate in a multiple linear regression of mortality on actual digitalis and exposure (in years) and to compute expected mortality, within NYHA class, for those receiving digitalis and those not receiving it.
In the first method, it could be seen whether actual digitalis therapy would be independently predictive of survival after adjusting for P Dig the predicted therapy, so to speak. The second method went as follows. The relationship of P Dig to mortality was estimated separately within each impairment category and digitalis status, which gave five separate regression coefficients, when averaged over digitalis status. These coefficients were applied to the difference in mean value of P Dig between those receiving and not receiving digitalis in the five categories, to arrive at an expected difference in mortality between the two groups. Then, based on the overall mortality in each impairment category, the expected difference was converted to expected mortality rates for the two groups. Thus, the total expected mortality in each impairment category is set equal to its observed value, and two expected mortalities within each category are functionally dependent.
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